Background: Identification of clients at greatest risk of acquiring HIV is critical for preexposure prophylaxi (PrEP) implementation. Young black MSM (YBMSM) have high incidence of HIV. We examined published guidelines in identifying eligible PrEP candidates, including seroconverters, in a representative cohort of YBMSM.
Introduction
Preexposure prophylaxis (PrEP) has the potential to reduce new HIV transmission events [1] . Implementation of PrEP in high-risk populations is critical to reducing new HIV infections [2] and achieving National HIV/ AIDS Strategy goals in the United States. These goals, however, are daunting given the considerable limitations in PrEP awareness and uptake among most at-risk populations such as young black MSM (YBMSM). PrEP
In 2014, the Center for Disease Control and Prevention (CDC) issued clinical practice guidelines formulated by an expert panel and data from several clinical trials to support broader implementation of PrEP [6, 7] . In addition to the CDC standard guidelines, guidance has also been provided by the HIV Incidence Risk Index for MSM (HIRI-MSM) screening tool and Gilead's emtricitabine/tenofovir disoproxil fumarate (Truvada for PrEP) package insert. The CDC guidelines for PrEP use by MSM have criteria that include anal sex without condoms, diagnosis with a sexually transmitted infection (STI), and being in an ongoing sexual relationship with an HIV-positive male partner [8] . The HIRI-MSM consists of seven questions to assess HIV risk, validated on independent datasets [9, 10] with a score at least 10 having a sensitivity of 84% in predicting incident HIV infection [11] and recommended as an indication to evaluate a client for PrEP [8] . Gilead indications for PrEP consideration include individual risk behaviors, as well as engaging in sexual activity in an area or social network of high-prevalence and structural factors, including ever being incarcerated, exchanging sex for commodities, and drug use [12] .
In establishing these guidance documents, cohorts of YBMSM have not been included [6, 7, 9, 10, 13] , and analysis has not been conducted during PrEP implementation. Accordingly, we use data from uConnect, a longitudinal cohort of YBMSM 16-29 years of age in Chicago, followed at three time points from 2013 to 2016. Our objectives for this analysis are to evaluate the sensitivity, specificity, and area under the receiver operating characteristic (ROC) curve (AUC) of three sets of existing guidelines, to examine individual and network factors associated with HIV seroconversion in this study cohort, and to determine dynamic PrEP awareness and use over this PrEP implementation period.
Methods Setting
The baseline uConnect sample was generated in 2013 using respondent-driven sampling (RDS). The sampling scheme and sample generation have been described previously [14, 15] . The study includes three time points for data collection: a baseline visit between June 2013 and July 2014 (wave 1) and two follow-up visits, one between April 2014 and May 2015 (wave 2) and another between February 2015 and February 2016 (wave 3). Follow-up visits were conducted 9 months apart over an 18-month period. Each study visit consisted of a structured interview and laboratory testing for HIV and Syphilis infection. This analysis uses survey responses and HIV testing from the baseline visit and the two follow-up visits, hereafter, referred to as wave 1, wave 2, and wave 3, respectively.
Eligibility criteria
Persons were eligible to participate in the study if they were self-identified as African-American or black, assigned male at birth, between 16 and 29 years of age, reported oral or anal intercourse with a man within the past 24 months, spent most of their time on the South Side of Chicago, and willing and able to provide informed consent at the time of the study visit. Participants were included in these analyses if they were HIV-uninfected at wave 1. We excluded participants who were HIV seropositive at wave 1. For participants without blood samples HIV seropositive status was verified by the Chicago Department of Public Health (CDPH) surveillance data following signed release of information. For the seroconversion analysis, we included participants who had documented seroconversion based upon change in serostatus or evidence of acute HIV infection at a followup study visit. Participants were included in the PrEP awareness and use analysis if they attended both wave 1 and wave 2 study visits and answered items on PrEP awareness and use at both time points.
Measures
Preexposure prophylaxi eligibility Survey items from the wave 1 study visit assessing sexual behavior, sexual partner characteristics, and other risk factors were used to determine PrEP eligibility according to three sets of guidelines: the CDC's Clinical Practice Guidelines for MSM, the HIRI-MSM, and the Gilead indications for PrEP use. CDC's Clinical Practice Guidelines were followed to create a variable to reflect eligibility for PrEP [16] . This was operationalized using a combination of indicators of risk including report of sex with an HIV-infected partner and/or anal sex without condoms or diagnosis of an STI. The HIRI-MSM index was utilized and operationalized using respondent age, number of male partners, number of HIV-infected partners, occurrence of receptive anal intercourse, and use of poppers or amphetamines [8] . Risk scores were computed for respondents and those with a score at least 10 were classified as being eligible for PrEP. Gilead PrEP recommendations from the package insert provided PrEP indications for MSM at high risk of HIV acquisition [12] . Eligibility was operationalized using a combination of indicators of risk including report of an HIV-infected partner, and/or engaging in sexual activity in a highprevalence area or social network with at least one of the following: anal sex without condoms, diagnosis of a STI, exchange of sex for commodities, use of illicit drugs or alcohol dependence, incarceration, or partner of unknown HIV status. Refer to Supplementary Table 1 , http://links.lww.com/QAD/B200 for further details on variables used to define PrEP eligibility.
Laboratory testing and determination of acute infection HIV infection status was determined by three assays applied to dry blood spot samples: ARCHITECT HIV Ag/Ab Combo, Multispot HIV-1/HIV-2 Bio-Rad, and Realtime HIV-1 RNA (Abbot). All samples collected included testing for HIV-1 RNA. Acute infection was documented in cases where viral load was detectable and fourth/third-generation tests were negative. We compared HIV serostatus at each study wave using laboratory test results from the wave 1, wave 2, and wave 3 visits; participants who tested negative at the wave 1 visit and had a seropositive result or who were acutely infected at a subsequent visit were classified as seroconverters.
Person-time for HIV incidence
For participants who remained HIV-negative throughout follow-up, we calculated their person-time as the difference between the date of the last study visit they attended (wave 2 or wave 3) and the date of the wave 1 study visit. For HIV seroconverters, we defined the date of seroconversion as halfway between the first visit when HIV was diagnosed and the previous visit. We assessed sociodemographic, behavioral, structural, and network factors associated with incident HIV during the study period, to evaluate what YBMSM client-level factors may improve existing PrEP guidelines.
Preexposure prophylaxis awareness and use PrEP awareness was self-reported by respondents: 'PrEP (preexposure prophylaxis) is when a person is given medicine before being exposed to HIV (like when they expect that they will be having unprotected sex with an infected partner) to prevent them from becoming infected. Before today, have you heard of PrEP?' This question was asked at wave 1 (June 2013-July 2014) and wave 2 (April 2014-May 2015). Those respondents who reported having heard of PrEP were subsequently asked if they had ever used PrEP. Participants who were aware of PrEP at wave 1 and/or wave 2 were categorized as 'PrEP aware'; those who were unaware at both wave 1 and wave 2 were categorized as 'Persistently unaware'. Active PrEP linkage services became available in wave 3 of the study at which time all participants were provided detailed information on PrEP and offered linkage to PrEP care regardless of insurance status or ability to pay.
Statistical analysis
Gile's Sequential Sampling estimator was utilized to weight our population-based sample and generate probability estimates [17] . Weights were generated in Stata 14 (StataCorp, College Station, Texas, USA) [18] . To assess the performance of the different criteria in identifying respondents who were at increased risk for seroconversion, sensitivity, specificity, and area under the ROC curve (AUC) for the three PrEP eligibility criteria were calculated. Incidence-density rates and weighted bivariate and multivariate incidence rate ratios (IRRs) were computed for incident HIV infection over the study period, and sociodemographic, behavioral, and network factors associated with HIV seroconversion were determined using Poisson regression models. A sensitivity analysis was performed excluding participants who reported ever having used PrEP. Wave 1 characteristics of respondents were summarized and compared by PrEP awareness over the first two waves of the study using chisquare and t tests for categorical and continuous variables, respectively. Differences in eligibility by PrEP use and PrEP awareness were also compared using chi-square and t tests. Bivariate and multivariate logistic regression models were implemented to examine factors associated with PrEP awareness and use over the study period. All statistical analyses were performed in Stata 14.1 (StataCorp) [18] .
Results

Study cohort
Among 618 participants who completed the wave 1 interview of the study, more than one-third (n ¼ 225, 37.0%) of participants were HIV seropositive, and 52 (23.1%) were previously unaware of their infection. Of the remaining 393 participants, 343 had a documented negative HIV test at wave 1. Participants who did not have a documented HIV negative test from cohort labs or CDPH surveillance data were excluded from analyses (n ¼ 50). Cumulative retention over the study period was 87% (n ¼ 300) (Fig. 1) ; these individuals represented the final study sample for the seroconversion analysis. The final study sample for the PrEP awareness and use analysis consisted of participants who answered questions about PrEP awareness and use at the wave 2 study visit (n ¼ 288).
Indications for preexposure prophylaxi
Approximately half of the sample (49%) met criteria for PrEP use according to CDC guidelines, 72% according to HIRI-MSM Risk Index, and 86% met the Gilead indications for PrEP. Figure 2 shows the proportion of YBMSM eligible for PrEP according to the three guidelines by PrEP awareness, PrEP use, and seroconversion, respectively.
Performance of screening guidelines
During the 2-year follow-up, 33 incident infections were observed over 390.4 person-years for an incidence rate of 8.5 per 100 person-years [95% confidence interval (CI), 6.0-11.9 per 100 person-years]. The sensitivity, specificity, positive predictive values (PPVs), and area under the ROC curve (AUC) for the three guidelines in identifying participants at risk for seroconversion are shown in Fig. 3 . The CDC guidelines were associated with a sensitivity of 52% (i.e. of those who became infected during the study period, 52% were eligible for PrEP by CDC guidelines), a specificity of 52% and an AUC of 0.51. The HIRI-MSM Score at least 10 was associated with a 85% sensitivity, 30% specificity, and an AUC of 0.54. The Gilead Guidelines were associated with a 94% sensitivity, 15% specificity, and an AUC of 0.57. The weighted sensitivity/specificity estimates were CDC guidelines (30%/59%), HIRI-MSM risk score (93%/22%), and Gilead guidelines (76%/36%). Having any partner at least 10 years older remained a network-level risk factor (IRR ¼ 3.9, 95% CI, 1.5-10.3, P ¼ 0.006). The HIRI-MSM Index (IRR ¼ 3.2, 95% CI, 1.0-10.1, P ¼ 0.052) was marginally significantly associated with HIV incidence in the sensitivity analysis.
Factors associated with HIV seroconversion
Alternative guideline thresholds
We explored alternative thresholds for the HIRI-MSM Risk Index to determine if a different cutoff score would be optimal in this population. At a cutoff of eight, sensitivity increased from 85 to 91%, but specificity and AUC decreased (11% and 0.51, respectively). The ROC curve and sensitivity/specificity at different cutoffs are shown in Supplemental Table 2 , http://links.lww.com/ QAD/B200 and the Supplemental Fig. 1 , http:// links.lww.com/QAD/B200. Adding having a partner at least 10 years to the CDC criteria resulted in better performance of the CDC guidelines, with AUC ¼ 0.61, sensitivity ¼ 69%, and specificity ¼ 52% (versus current sensitivity of 52%, specificity 52%, and AUC ¼ 0.51).
Preexposure prophylaxi awareness and use PrEP awareness increased from 32 to 64% from 2013 to 2015; 36% of participants were persistently unaware of PrEP over this time period. 
Discussion
This is the first study to evaluate the performance of existing PrEP guidelines in a cohort of YBMSM and provides important information to consider when determining PrEP eligibility. Accordingly, there are several important findings from this analysis. First, in the context of high HIV seroconversion rates with an incidence of 8.5 cases per 100 person-years, we identified one network predictor of seronconversion: having any sex partners at least 10 years older in this population. Certainly, this specific predictor may be helpful in refining future versions of PrEP guidelines. Most important to updating PrEP recommendations is our finding that nearly half of seroconverters would not have 
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been eligible for PrEP according to CDC guidelines, the guidelines most often used by physicians in prescribing PrEP [19, 20] . Although the Gilead guidelines had high sensitivity, the best AUC (although marginally), low specificity, and PPVs were evident across the three different guidelines.
Overall, our findings were consistent with other studies demonstrating that BMSM were less likely to meet indications for PrEP compared with other racial groups, despite their acute risk for HIV acquisition [21, 22] . Low eligibility rates and lack of association between behavioral risks and seroconversion may be race specific. CDC guidelines are based on randomized controlled trials, which included predominantly white MSM [23] ; these trials had limited numbers of BMSM in the study populations [1, 9, 10] . Studies have found seroadaptive behaviors that are protective for white MSM do not necessarily appear to be protective in black MSM [24] . Sullivan et al. identified factors involved in HIV seroconversion among black and white MSM from data collected within a cohort study in Atlanta initiated in 2010. Their data demonstrated that PrEP eligibility guidelines based on individual-level behaviors are likely to underestimate the risk for black MSM, with only 65% of seroconverters meeting eligibility guidelines [22] . Their study also identified two network factors to be significant predictors of incident HIV infection: having a partner at least 10 years older and the race of the partner. Similarly, our analyses found that having a partner at least 10 years older to be associated with HIV seroconversion. Notably in our cohort, important attributes unique to YBMSM (i.e. membership in house/ball community, criminal justice involvement) were not major HIV incidence predictors. Findings that many of the individual risk factors used in guidelines are not predictive of YBMSM seroconversion, indicate the need for more nuanced and locally relevant guidelines for PrEP use. Alternative guidelines that take into account network or other population-level factors may be more effective in guiding physicians and in turn preventing HIV in these communities.
Complicating the HIV prevention potential of PrEP was the relatively low level of PrEP awareness among this representative sample of YBMSM and concomitantly, the low level of PrEP use. The level of overall PrEP awareness increased over the study period in this cohort; however, one-third of study participants had never heard of PrEP, and 10.1% had ever used PrEP 3 years following US Food and Drug and Administration approval when providers in Chicago started first providing PrEP to patients [25] . Although some components of the guidelines (i.e. HIVpositive partner, STI diagnosis) were associated with PrEP use, PrEP use was not associated with overall eligibility by the guidelines, with only 10% of clients meeting CDC guidelines ever using PrEP. As demonstrated in previous work [3] , PrEP awareness is associated with variables that indicate some level of engagement in HIV programing or in healthcare systems generally. Other studies have indicated that PrEP knowledge is associated with healthcare engagement such as experiencing recent HIV testing [5, 26] or having had an STI diagnosed in clinic [27] . Increased engagement of YBMSM in HIV programing or health care will likely increase PrEP awareness and use in this population.
In addition to potential individual-level factors, providerlevel barriers to PrEP initiation also likely exist. Karris et al. [28] found significant variation in infectious disease physician attitudes and practices around PrEP, which may in part explain the lack of association between PrEP eligibility and use. Other studies have demonstrated low levels of PrEP prescribing, particularly for young men of color. In one study, healthcare providers were more likely to believe prescribing PrEP would increase risk behaviors in BMSM than their white counterparts, resulting in decreased willingness to prescribe PrEP [29] . In the current analysis, we did not identify reasons for low PrEP use, and it remains unclear to what extent providers are contributing to limited awareness and uptake among YBMSM.
Our study had some important limitations. We used wave 1 factors to define indications for PrEP; however, an individual may have engaged in varied risk behaviors between study visits and behaviors may have changed over the 18-month study period. In addition, some of the questions used to operationalize PrEP indications were for the previous 12 months instead of in the previous 6 months, as most of the CDC guidelines outline. This, however, would likely result in an overestimate of those who were eligible from our study sample and result in reduced specificity. All models were estimated with and without the RDS sampling weights. Our conclusions and main findings were unchanged using the weighted and unweighted models. However, there was a relatively large discrepancy between the weighted and unweighted sensitivity for the CDC guidelines (30 versus 52%). The RDS weights were derived under a number of assumptions relating to RDS that have been described previously [3, 15, 30] . We believe the RDS assumptions were met, however, both weighted and unweighted estimates are presented for sensitivity, specificity, and PPV. Some participants only attended the wave 2 follow-up visit and did not have as much time to acquire HIVand be observed. If loss to follow-up was related to the predictors or seroconversion, these results may be biased. Finally, we had relatively small numbers of incident outcomes to evaluate predictors of seroconversion and PrEP use in the study cohort.
Having a standardized, effective PrEP eligibility decision aid for HIV vulnerable populations such as YBMSM may assist with PrEP implementation efforts. In 2014, the WHO recommended offering PrEP to populations with an HIV incidence of about three per 100 person-years or higher [31] . In our cohort, the incidence rate was 8.5 cases per 100 person-years. Public health programs and healthcare providers should consider demographics, local epidemiology, and network factors when considering provision of PrEP to patients. Additional efforts to better understand these networks may help further target prevention strategies [32] .
In summary, we have demonstrated that several clientlevel factors listed in existing guidelines to determine PrEP eligibility may exclude a substantial proportion of most-at-risk-persons who could benefit from PrEP in the United States. PrEP with its demonstrated efficacy is susceptible to implementation failure and concerted efforts should be made to increase awareness and use among those at highest risk for HIV. We recommend that all YBMSM in high-prevalence areas should be initially offered PrEP regardless of self-reported risk behaviors, with continued follow-up and shared decision-making [33] around when PrEP cessation should occur.
